Superconductivity is caused by the interaction between electrons by the exchange of collective bosonic excitations, however, this bosonic glue forming electron pairs is manifested itself by the coupling strength of the electrons to collective bosonic excitations. Here the doping and momentum dependence of the coupling strength of the electrons to spin excitations in cuprate superconductors is studied within the framework of the kinetic-energy-driven superconducting mechanism. The normal self-energy in the particle-hole channel and pairing self-energy in the particle-pariticle channel generated by the interaction between electrons by the exchange of spin excitation are employed to extract the coupling strengths of the electrons to spin excitations in the particle-hole and particleparticle channels, respectively. It is shown that below the superconducting transition temperature, both the coupling strengths in the particle-hole and particle-particle channels around the antinodes consist of two peaks, with a sharp low-energy peak located at around 5 meV in the optimally doped regime, and a broad band with a weak peak centered at around 40 meV. In particular, this two-peak structure in the coupling strength in the particle-hole channel can persist into the normal-state, while as a consequence of the d-wave type symmetry of the superconducting gap, the coupling strength in the particle-particle channel vanishes at the nodes. However, the positions of the peaks in the coupling strengths in the underdoped regime shift towards to higher energies with the increase of doping. More specifically, although the positions of the peaks in the coupling strengths move to lower energies from the antinode to the hot spot on the electron Fermi surface, the weights of the peaks decrease smoothly with the move of the momentum from the antinode to the hot spot, and fade away at the hot spots.
I. INTRODUCTION
Since the 1986 discovery of superconductivity in cuprate superconductors 1 , there has been an intense focus on the understanding of the essential physics of cuprate superconductors 2 . This follows from a fact that the correlation between electrons in cuprate superconductors is so strong that when there is one electron on every copper atom site of their copper-oxide planes, a Mott insulator forms in which no electron motion is possible [2] [3] [4] . By removing electrons, the electron motion is restored, and in particular, with the enough fraction of the removed electrons, superconductivity emerges [4] [5] [6] . At the temperature above the superconducting (SC) transition temperature T c , the system becomes a strange-metal [4] [5] [6] [7] [8] [9] , where a variety of the electronic orders are associated with various kinds of broken-symmetries. In particular, the resistivity is linear in temperature [8] [9] [10] [11] , the conductivity exhibits an anomalous power-law dependence on energy 8, 12 , and the electron Fermi surface (EFS) is broken up into the disconnected Fermi pockets around the nodal region [13] [14] [15] [16] [17] [18] [19] . All these anomalous properties arise from the strong interactions between the electrons mediated by the exchange of collective bosonic excitations 20, 21 that are most likely also responsible for the exceptionally high T c . In this case, it is crucial to elucidate the nature † E-mail address: spfeng@bnu.edu.cn of the strong electron interaction for the understanding of the essential physics of cuprate superconductors.
In conventional superconductors, the Bardeen-CooperSchrieffer (BCS) theory has demonstrated that the coupling between the electrons and phonons drives the formation of the electron Cooper pairs responsible for superconductivity 22, 23 . In particular, the strong coupling Eliashberg equation for the determination of T c depends upon the coupling strength of the electrons to phonons [24] [25] [26] [27] , which is manifested itself by the electronphonon spectral density (then the Eliashberg function) α 2 F e−p (ω). On the other hand, in a remarkable analogy to conventional superconductors, the pairing of electrons in cuprate superconductors also occurs at T c , creating an energy gap in the quasiparticle excitation spectrum [4] [5] [6] . The BCS theory and the related Eliashberg formalism are not specific to a phonon-mediated interaction, other collective bosonic excitations can also serve as the pairing glue 28, 29 . However, what type of the collective bosonic excitation that acts like a bosonic glue to hold the electron Cooper pairs together in cuprate superconductors still is disputed 20, 21 . Moreover, in a stark contrast to the conventional superconductors, the coupling strength in cuprate superconductors has an important momentum dependence [30] [31] [32] [33] , so that one should like to understand how both momentum k and energy ω regions contribute to T c . Experimentally, from the angle-resolved photoemission spectroscopy (ARPES) data of cuprate superconductors measured below and above T c , with the analysis of the normal Green's function in the particlehole channel and pairing Green's function in the particle-particle channel, the doping and momentum dependence of the normal self-energy in the particle-hole channel and pairing self-energy in the particle-particle channel have been successfully extracted [34] [35] [36] [37] , respectively. In particular, by a direct inversion of the Eliashberg function, the doping and momentum dependence of the normal Eliashberg function α 2 F (n) e−b (k, ω) in the particle-hole channel and pairing Eliashberg function α 2 F
e−b (k, ω) in the particle-particle channel have been deduced from the corresponding normal and pairing self-energies based on the maximum entropy method [36] [37] [38] [39] , where both the normal and pairing Eliashberg functions
show two-peaks 38 at around 15 meV and 50 meV, followed by a flat featureless region that extends to high energy, and a cut-off at high energy depends on the location of the momentum cuts. Furthermore, both the peaks become enhanced as the temperature is lowered or the positions of these peaks move away from the node to the antinode [36] [37] [38] [39] . These experiments and analysis in cuprate superconductors are an extension 40 of the tunneling experiments and analysis with which it was definitively established that the Cooper pairing in conventional superconductors is through exchange of phonons [24] [25] [26] [27] . Theoretically, the numerical simulations of the generalized Eliashberg equation with a d-wave SC gap have been provided to help in the understanding of how the structure of collective bosonic excitations encoded in the coupling strength present itself in the normal and pairing self-energies [41] [42] [43] [44] [45] . In particular, it has been shown 46 based on the t-J model that the dominant contribution to the electron Cooper pairing in cuprate superconductors is associated with the coupling strength of the electrons to spin excitations α 2 F e−s (k, ω). These deduced normal and pairing Eliashberg functions from the ARPES measurements [36] [37] [38] [39] and the numerical simulations of the generalized Eliashberg equations [41] [42] [43] [44] [45] [46] therefore provide critical information on the examination of various microscopic SC mechanisms. In this paper, we study how the coupling strength of the electrons to spin excitations in cuprate superconductors evolves with momentum, energy, and doping. Within the framework of the kinetic-energy driven SC mechanism [47] [48] [49] , both the normal and pairing self-energies are generated by the strong interaction between electrons by the exchange of spin excitations. We then employ these normal and pairing self-energies to extract the normal and pairing Eliashberg functions
e−s (k, ω), respectively, and the obtained results show that below T c , both the coupling strengths in the particle-hole and particleparticle channels around the antinodes exhibit a twopeak structure, where a sharp low-energy peak develops at around 5 meV in the optimally doped regime, followed by a broad band with a weak peak centered at around 40 meV, in qualitative agreement with the results deduced from the ARPES experimental observations on cuprate superconductors 38 . In particular, this two-peak structure in the coupling strength in the particle-hole channel can persist into the normal-state. However, these coupling strengths are doping dependent, where the positions of the peaks in the coupling strengths in the underdoped regime shift towards to higher energies with the increase of doping. Furthermore, these coupling strengths also have a striking momentum dependence. Although the positions of the peaks in the coupling strengths move to lower energies from the antinode to the hot spot on EFS, the weights of the peaks decrease smoothly with the move of the momentum from the antinode to the hot spot, and fade away at the hot spots.
This paper is organized as follows. The basic formalism of the coupling strength of the electrons to spin excitations in cuprate superconductors is presented in Sec. II, while the quantitative characteristics of the coupling strength are discussed in Sec. III, where we show that as a consequence of the d-wave type symmetry of the SC gap, the coupling strength in the particle-particle channel vanishes at the nodes. Finally, we give a summary in Sec. IV.
II. COUPLING STRENGTH OF ELECTRONS TO SPIN EXCITATIONS
Experimentally, the normal and pairing self-energies can be extracted from ARPES experiments without a specific theory, and the only ingredient that needs to extract the normal and pairing self-energies is the quasiparticle spectral density observed by ARPES experiments. However, to deduce the normal and pairing Eliashberg functions from the extracted normal and pairing selfenergies, respectively, one needs a microscopic SC theory relating them 20, 21 . This is why the qualitative agreement between the experimental result observed from the tunneling spectra and the deduced coupling strength of the electrons to phonons from the Eliashberg equation firmly establishes the electron-phonon mechanism [24] [25] [26] [27] . In this case, to examine a microscopic SC theory, it should be to compare the normal and pairing Eliashberg functions rather than the normal and pairing self-energies 20, 21 . Our following work for the discussions of the coupling strength of the electrons to spin excitations in cuprate superconductors builds on the framework of the kineticenergy driven superconductivity [47] [48] [49] , which was developed early based on the t-J model in the charge-spin separation fermion-spin representation. In this kineticenergy driven SC mechanism, cuprate superconductors involve the d-wave type charge-carrier pairs bound together by the interaction between charge carriers and spins directly from the kinetic-energy of the t-J model by the exchange of spin excitations, then the d-wave type electron Cooper pairs originating from the d-wave type charge-carrier pairing state are due to the charge-spin recombination 50 , and they condense to the SC groundstate. In particular, in our previous works 50 , the normal self-energy Σ 1 (k, ω) and pairing self-energy Σ 2 (k, ω) have been evaluated in terms of the full charge-spin recombi-nation, and can be written explicitly as,
respectively, where n F (ω) and n B (ω) are the fermion and boson distribution functions, respectively, the normal spectral function A(k, ω) = −2ImG(k, ω) and the pairing spectral function A † (k, ω) = −2Im † (k, ω) are related directly to the imaginary parts of the normal and pairing Green's functions of the t-J model G(k, ω) and † (k, ω), respectively, with the normal Green's function G(k, ω) and pairing Green's function † (k, ω) that have been given explicitly in Ref. 50 , while the kernel function K e−s (k, p, ω) describes the nature of the spin excitations, and can be expressed explicitly as,
where Λ k = Ztγ k − Zt γ k , with the electron nearestneighbor (NN) and next NN hopping integrals t and t in the t-J model, respectively, the number of the NN or next NN sites on a square lattice Z, γ k = (cosk x + cosk y )/2, γ k = cosk x cosk y , and ImΠ(k, p, q, ω) is the imaginary part of the spin bubble Π(k, p, q, ω), with this spin bubble Π(k, p, q, ω) that is a convolution of two spin Green's functions, and has been also given explicitly in Ref. 50 . Within the framework of the kinetic-energy driven superconductivity, the normal self-energy Σ 1 (k, ω) of cuprate superconductors in the particle-hole channel in Eq. (1a), which describes the single-particle coherence, and the pairing self-energy Σ 2 (k, ω) in the particle-particle channel in Eq. (1b), which is corresponding to the energy for breaking a Cooper pair of the electrons and creating two excited states, are generated by the same interaction of electrons with spin excitations. These normal and pairing self-energies exhibit a strong momentum anisotropy in both the real and imaginary parts, and are essential to understand the electronic state properties and the related quasiparticle dynamics of cuprate superconductors in the SC-state. With the help of the above normal and pairing selfenergies in Eq. (1), the coupling strength of the electrons to spin excitations in the particle-hole channel (then the normal Eliashberg function) can be evaluated by the average over all momenta weighted by the normal spectral function as 21, [24] [25] [26] [27] 51 , which therefore is related closely with the normal selfenergy in Eq. (1a), while the coupling strength of the electrons to spin excitations in the particle-particle channel (then the pairing Eliashberg function) can be evaluated by the average over all momenta weighted by the pairing spectral function as 21,24-27,51 ,
which is associated directly with the pairing self-energy in Eq. (1b). It is thus shown that the structures of the normal and pairing self-energies in Eqs. (1a) and (1b) are reflected in the coupling strengths of the electrons to spin excitations in the particle-hole and particle-particle channels in Eqs. (3) and (4), respectively.
III. QUANTITATIVE CHARACTERISTICS
For an interacting electron system, everything happens at EFS 51 . This is why EFS plays a crucial role in the understanding of the physical properties of the interacting electron system. For a convenience in the following discussions, the underlying EFS of cuprate superconductors at doping δ = 0.15 is replotted in Fig. 1 , which is a map 52 of the intensity of the normal spectral function A(k, ω = 0) at zero binding energy ω = 0 with temperature T = 0.002J for parameters t/J = 2.5 and t /t = 0.3. AN, HS, and ND in Fig. 1 denote the antinode, hot spot, and node on EFS, respectively. The most remarkable features in Fig. 1 can be summarized as: (i) the Fermi pocket emerges around the nodal region due to the EFS reconstruction [13] [14] [15] [16] [17] [18] [19] , where the disconnected segment at the contour k F is referred to the Fermi arc, while the other at the contour k BS is defined as the back side of the Fermi pocket. This EFS reconstruction with the anisotropic distribution of the quasiparticle spectral weight also indicates that the information around the nodes, hot spots, and antinodes contain the essentials of the whole low-energy quasiparticle excitations in cuprate superconductors; (ii) however, the highest intensity points do not locate at the node places, but sit exactly at the tips of the Fermi arcs [53] [54] [55] , which in this case coincide with the hot spots on EFS; (iii) these eight hot spots connected by the scattering wave vectors q i construct an octet scattering model [55] [56] [57] [58] [59] [60] [61] [62] [63] , and therefore contribute effectively to the quasiparticle scattering process. More specifically, this EFS instability drives charge order 7, 52, [64] [65] [66] [67] [68] [69] , with the charge-order wave vector that matches well with the wave vector connecting the two hot spots on the straight Fermi arcs. Furthermore, it should be emphasized that all these typical features occurred at the case of zero binding energy are almost the same as the case for finite binding energies 56 . We are now ready to discuss the quantitative characteristics of the doping and momentum dependence of the coupling strength of the electrons to spin excitations in cuprate superconductors based on the kinetic-energy driven superconductivity. In Fig. 2 , we plot the normal (black line) and pairing (red line) Eliashberg functions α 2 F (n) e−s (k, ω) and α 2 F
e−s (k, ω), respectively, as a function of binding-energy at the antinode in δ = 0.15 with T = 0.002J for t/J = 2.5 and t /t = 0.3, where for the temperature below T c , both
e−s (k, ω) extends over a broad energy range. In particular, both α 2 F
e−s (k, ω) and α 2 F
e−s (k, ω) contain a sharp low-energy peak located at around ω LP ∼ 0.04J and a broad band, followed by a flat featureless region extending to high energy. Moreover, this broad band shows a weak peak centered at around ω BP ∼ 0.34J. However, the weights of the peaks in
e−s (k, ω). The interaction of the electrons with spin excitations is therefore characterized by these peaks in the coupling strength. Using a reasonably estimative value of J ∼ 120 meV in cuprate superconductors 4, 70 , the positions of the sharp low-energy peak and the broad peak are located at around ω LP ≈ 5 meV and ω BP ≈ 40 meV, respectively, which are not too far from the corresponding sharp low-energy peak ω LP ≈ 15 meV and the broad peak ω BP ≈ 50 meV in the coupling strengths deduced from the ARPES experimental data 38 of the cuprate superconductor Bi 2 Sr 2 CaCu 2 O 8+δ .
However, the anisotropic distribution of the quasiparticle spectral weight along EFS shown in Fig. 1 due to the EFS reconstruction also indicates that in contrast to conventional superconductors, the coupling strength of the electrons to spin excitations in cuprate superconductors is strongly momentum dependent. To show this point clearly, we plot the normal (black line) and pairing (red line) Eliashberg functions, respectively, away from the antinode as a function of binding-energy at δ = 0.15 with T = 0.002J for t/J = 2.5 and t /t = 0.3 in Fig. 3 . Comparing it with the result in Fig. 2 for the same set of parameters except for the momentum k F away from the antinode, we therefore find when the momentum k F moves from the antinode to the hot spot, the weights of the peaks in the coupling strengths decrease, while the positions of the peaks shift appreciably towards to lower energies, in qualitative agreement with the results deduced from the ARPES experimental data of cuprate superconductors [36] [37] [38] [39] . More surprisedly, we find during the calculations that the coupling strengths in both the particle-hole and particle-particle channels have an unusual momentum dependence around the hot spot region with the anomalously small value at the hot spots, e−s (k HS , ω) ∼ 0. Furthermore, we also find that the coupling strength
e−s (k ND , ω) in the particle-particle channel vanishes at the nodes, i.e., α 2 F (p) e−s (k ND , ω) = 0. As a natural consequence of the doped Mott insulators, the coupling strength of the electrons to spin excitations in cuprate superconductors is also doping dependent. For a better understanding of the evolution of the coupling strength of the electrons to spin excitations with doping, we have made a series of calculations for the Eliashberg functions at different doping concentration, and the results of the normal Eliashberg function α 2 F (n) e−s (k, ω) as a function of binding-energy at the antinode in δ = 0.06 (blue line), δ = 0.09 (red line), and δ = 0.12 (black line) with T = 0.002J for t/J = 2.5 and t /t = 0.3 are plotted Fig. 4 , where in the underdoped regime, the positions of the peaks move smoothly towards to the higher energies with the increase of doping, also in qualitative agreement with the results deduced from the ARPES experimental data of cuprate superconductors [36] [37] [38] [39] .
These coupling strengths of the electrons to spin excitations in both the particle-hole and particle-particle channels are also temperature dependent. In particular, for the temperatures above T c , the SC gap∆ s (k, ω) = Σ 2 (k, ω) = 0, indicating that the coupling strength of the electrons to spin excitations in the particle-particle channel in Eq. (4) disappears for T ≥ T c . However, the coupling strength of the electrons to spin excitations in the particle-hole channel evolves smoothly into the normal-state as the temperature is raised above T c . To further reveal the unusual behavior of the coupling strength of the electrons to spin excitations, we have also performed a series of calculations for the normal Eliashberg function with different temperatures, and the result of α 2 F antinode in δ = 0.09 with T = 0.06J for t/J = 2.5 and t /t = 0.3 is plotted Fig. 5 . Within the framework of the kinetic-energy driven superconductivity 50 , the calculated T c ∼ 0.05J at the doping δ = 0.09. Obviously, the twopeak structure of the coupling strength of the electron to spin excitations appeared in the SC-state persists into the normal-state. On comparison with the result (red line) in Fig. 4 for the same set of parameters except for T = 0.06J, we see that although the weights of the peaks are severely suppressed with the increase of temperatures, the positions of these peaks in the normalstate do not change much from the corresponding SCstate. These results are qualitatively consistent with the results deduced from the ARPES experimental data of cuprate superconductors [36] [37] [38] [39] . Now we give some physical interpretations to the above obtained results. As seen from Eqs. (3) and (4), the coupling strengths of the electrons to spin excitations are determined by a product of the quasiparticle spectral function and the kernel functionK e−s (k, p, ω). In other words, for a given momentum k, the dominant contribution to the coupling strength at the binding-energy is if and only if the spectral region characteristic of the quasiparticles overlaps with the spectral region of the kernel function characteristic of the spin excitations at that binding-energy.
As the result shown in Fig. 1 , the single continuous contour in momentum space with a uniform distribution of the spectral weight of the quasiparticle excitations in the case of the absence of the coupling between the electrons and spin excitations has been split into two contours k F and k BS , respectively, in the presence of the coupling between the electrons and spin excitations to form the Fermi pockets with the anisotropic distribution of the spectral weight of the quasiparticle excitations.
On the one hand, for a given momentum k, the kernel functionK e−s (k, p, ω) also exhibits a remarkable evolution with momentum p and binding-energy ω except for Fig. 6 . At low bindingenergies (see Fig. 6a ), the weight of the momentum p dependence of the kernel functionK e−s (k F , p, ω) at a given k F point converges on the corresponding p = k F point, i.e.,K e−s (k F , p = k F , ω) = 0 for p = k F , and otherwiseK e−s (k F , p, ω) = 0. In particular, the weight ofK e−s (k AN , p = k AN , ω) exhibits a largest value at around the antinode k AN . This strong overlap between the weights of the normal spectral function A(p = k AN , ω) and the kernel functionK e−s (k AN , p = k AN , ω) at around the antinode therefore leads to the appearance of the sharp low-energy peak of the coupling strength in the particle-hole channel at the low binding-energy ω = 0.04J for the doping δ = 0.15 as shown in Fig. 2 (black line). However, the weight ofK e−s (k F , p = k F , ω) on EFS is angular dependent, i.e., when the momentum k F moves away from the antinode and towards to the hot spot, the weight ofK e−s (k F , p = k F , ω) on EFS decreases, which induces a reduction of the weight of the low-energy peak in the coupling strength as shown in Fig. 3 (black line). In particular, the weight of K e−s (k HS , p = k HS , ω) almost vanishes at the hot spots, whereK e−s (k HS , p = k HS , ω) ∼ 0, leading to an absence of the coupling of the electrons to spin excitations at the hot spots α 2 F
e−s (k HS , ω) ∼ 0. However, the weight of K e−s (k F , p = k F , ω) on EFS smoothly increases when the momentum k F moves away from the hot spot and towards to the node, which generates that the coupling strength gradually develops again with the move of the momentum k F from the hot spot to the node, and then the coupling strength of the electrons to spin excitations has a modest value at around the node.
On the other hand, as shown in Figs. 6b and 6c, for a given momentum k F , the area occupied by the weight of the kernel functionK e−s (k F , p, ω) increases with the increase of binding-energy ω. In other words, for a given momentum k F , the weight ofK e−s (k F , p, ω) that converges on p = k F at low binding-energies lies on a circle at higher binding-energies, with the circle that increases in radius with binding-energy, while the distribution of the weight ofK e−s (k F , p, ω) on this circle is rather isotropic. In particular, at the higher binding-energy ω = 0.34J, the part of the weight ofK e−s (k AN , p = k BS , ω) on the circle overlaps with the spectral weight of the normal spectral function A(p = k BS , ω) in the constant energy contour k BS at around the antinode for the doping δ = 0.15 as shown in Fig. 6b , which therefore leads to the emergence of the broad peak in the coupling strength of the electrons to spin excitations centered at around ω = 0.34J as shown in Fig. 2 . However, for the binding-energies ω > 0.34J in the doping δ = 0.15, there is no overlap between the weight ofK e−s (k F , p, ω) and the normal spectral function A(p, ω) at both the constant energy contours k F and k BS as shown in Fig. 6c , and then a flat featureless region extending to higher energy appears in the coupling strength as shown in Fig.  2 .
The essential physics of the coupling strength of the electrons to spin excitations in the particle-particle channel is exactly the same as the above discussion for the coupling strength in the particle-hole channel except for the nodal regime. Within the framework of the kinetic energy driven superconductivity, the SC-state of cuprate superconductors has a strong anisotropic dwave type symmetry with the SC gap on EFS vanishing along the main diagonals of the Brillouin zone 50 , i.e.,∆ s (k, ω)| k=kND = Σ 2 (k, ω)| k=kND = 0 at the nodes, which therefore leads to that the coupling strength of the electrons to spin excitations in the particle-particle channel vanishes at the nodes, i.e., α 2 F (p) e−s (k, ω)| k=kND = 0. The above discussions therefore show that the remarkable feature of the anisotropy of EFS due to the redistribution of the quasiparticle spectral weight on the constant energy contours k F and k BS , and the unusual momentum and energy dependence of the kernel functionK e−s (k F , p, ω) generate the two-peak structure in the coupling strength of the electrons to spin excitations along with EFS except for the hot spots: the sharp lowenergy peak in the coupling strength associated with the overlap of the weights of the quasiparticle spectral function and kernel functionK e−s (k F , p = k F , ω) on the constant energy contour k F , while the other broad peak with the overlap of the weights of the quasiparticle spectral function with kernel functionK e−s (k F , p = k BS , ω) on the constant energy contour k BS . The qualitative agreement between the present theoretical results based on the kinetic-energy driven SC mechanism and the deduced data from the ARPES measurements [36] [37] [38] [39] therefore show that superconductivity is indeed driven by the coupling between the electrons and spin excitations.
IV. CONCLUSIONS
Within the framework of the kinetic-energy-driven SC mechanism, we have studied how the coupling strength of the electrons to spin excitations in cuprate superconductors evolves with momentum, energy, and doping. The normal self-energy in the particle-hole channel and pairing self-energy in the particle-pariticle channel generated by the interaction between electrons by the exchange of spin excitation have been employed to extract the coupling strengths of the electrons to spin excitations in the particle-hole and particle-particle channels, respectively. Our results show that below T c , both the coupling strengths in the particle-hole and particle-particle channels at around the antinodes consist of two peaks, with a sharp low-energy peak located at around 5 meV in the optimally doped regime, and a broad peak centered at around 40 meV, followed by a flat featureless region extending to high energy. In particular, we show that although the weights of two peaks are suppressed as the temperature is raised, this two-peak structure in the coupling strength in the particle-hole channel can persist into the normal-state. However, as a consequence of the d-wave type symmetry of the SC gap, the coupling strength in the particle-particle channel vanishes at the nodes. Moreover, our results indicate that these coupling strengths are doping dependent, where the positions of the peaks in the coupling strengths in the underdoped regime shift towards to higher energies with the increase of doping. On the other hand, the coupling strengths that we find have a striking momentum dependence, with the positions of the peaks in the coupling strengths that move to lower energies from the antinode to the node on EFS, while the weights of the peaks decrease smoothly with the move of the momentum from the antinode to the hot spot. Our theory also predicts that both the coupling strengths in the particle-hole and particle-particle channels fade away from the hot spots on EFS, which should be verified by future experiments.
